continuing with the care of her family. The close relationship with her brother remained.
It was in this environment that Herbert Kay grew up. His uncle, who was childless, had an affection for him and this was clearly reciprocated for in a letter to Mabel Davenport, his aunt, he wrote: 'Uncle was almost like a father to me, and all other things apart I was fond of him.' Ernest Davenport arranged for Herbert to travel by train from Disley each weekday to attend Edgeley Wesleyan day school where the headmaster, Mr Williams, was highly regarded as a teacher. On Sunday both children were taken to the Wesleyan Chapel in the valley below the Disley house for the morning service and the afternoon was spent in reading. Ellen Kay was rather firm in her treatment of both children-the remarks made in 1884 by Her Majesty's Inspector of Education on her teacher's certificate emphasize that she was a good disciplinarian! She evidently regarded the Sunday reading of Uncle Remus to the children by her brother with some disapproval but nevertheless encouraged both to read widely; Arthur Mee's Children's Encyclopaedia was a clear favourite and Herbert's passion for collecting facts and literally for encyclopaedic reading became a family legend. 284 Biographical Memoirs
Education
In 1908, at the age of 15, Kay won a scholarship to Manchester Grammar School, entering the science fifth. He travelled to the school, which was then in Long Millgate, by train from Stockport. His contemporary, F. Fairbrother, now Emeritus Professor of Inorganic Chemistry at Manchester University, recalls him at that time as 'a very quiet spoken and dignified boy, of an open dis position but devoid of any boisterous manner', adding 'I have a strong feeling of an academic and religious home background'. While at Manchester Grammar School he was profoundly influenced by two men, the High Master, J. L. Paton, and the head of the science department, Francis Jones. Paton was a distin guished educationalist, with a sincere and infectious belief in mens sana in corpore s a n o , and a determination that no boy should leave the sixth form, especially the science or mathematical sixth, without an abiding interest in some other aspect of human thought and aspiration. Francis Jones, a chemist who had trained under Bunsen, had joined the staff of the school in 1872, and Kay spent two of his three years in the sixth under his tutelage. During this time Kay won two school prizes, one in mathematics and one in literature. In a letter to the school in 1963, the centenary of the birth of J. L. Paton, Kay tells that Paton had asked the science sixth what evidence there was that any of its members had retained any interest at all in the humanities. Such an affront was received with embarrassed silence. A group of the boys then decided to provide at least some evidence that they were not complete philistines by competing for as many of the open prizes in non-science subjects as was possible. The attempt was completely successful and the expression on Paton's face on Speech Day was clearly as great a reward as was the calf-bound volume of Macaulay's essays which Kay, as a member of the group, himself received.
In October 1911 Kay entered the Honours School of Chemistry at Manchester University with a Stockport Education Committee Scholarship and a University Gaskill Scholarship. H. B. Dixon was Professor of Chemistry at that time and until his resignation from his chair in 1922 he kept in a large ledger book, which is still extant, details about the subsequent careers of his honours students. Dixon recorded few details about Kay's university career, save that he grad uated with first-class honours in chemistry in the summer of 1914, being second in the year. Both Kay and his fellow student and lifelong friend, W. K. Slater, who was later to become Secretary of the Agricultural Research Council, received a Leblanc medal and a University Research Scholarship to enable them to proceed to a year of research leading to the M.Sc. degree. Slater did so for, as Kay recalled in the biographical memoir of his friend, poor eyesight frustrated his efforts to join the armed services. Kay, however, never took up the scholar ship ; by the time the next university term began in October 1914 he was entoiled by war.
in the influenza epidemic earlier in the year, and told him that he had decided that, faced with several possible choices, he preferred to return to biochemistry. This was clearly a major decision; in the curriculum vitae which he provided 14 years later on his appointment to the directorship of the National Institute for Research in Dairying, Kay still stated he decided to return to biochemistry. H. S. Raper was at that time Head of Anti-gas and no doubt knew Kay well; how far he exerted influence on the young Major whose scientific career had been stopped by war is not known, but in 1919 when Raper returned to his chair of biochemistry and physiology at Leeds, Kay joined him there as demonstrator. It may be remarked that, unlike many of those who took part in the horror of trench warfare in World War I, Kay rarely if ever recalled those experiences. Mr H. F. Burgess, Secretary of the National Institute for Research in Dairying, who each weekday for almost a quarter of a century accompanied Kay on a lunch-time walk, certainly remembers no such occasion.
Biographical Memoirs

L eeds and the L ister Institute
Before the war Raper had worked with Hofmeister at Strasbourg and had formed a lasting friendship with F. Knoop, the discoverer of [3-oxidation of fatty acids. Raper had done some work to explore the Knoop hypothesis and he and Kay continued it with particular reference to the oxidation of fatty acids sub stituted at the a-carbon atom by a methyl group. Knoop's technique of prepar ation of phenyl-substituted acids was followed, to show that when acids with branched chains were given to animals they were oxidized in a similar way to the parent acids. This work was incorporated in Kay's thesis for the M.Sc. degree.
All was not the hard work of isolation and characterization of derivatives of fatty acids and Kay indulged his delight in walking-a delight that never left him. At Easter time in 1921, walking in the Lake District, he met Beatrice Lee, who was about to take her final examinations in botany at Leeds and who was undertaking fieldwork. They became engaged to be married, a rather daring thing to do when one partner was a student and the other a member of the staff! They were married on 13 August 1925 . Four sons were born, John in 1927 , Robin in 1928 , Graham in 1932 and Quentin in 1939 In 1921, Kay was awarded a Beit Memorial Fellowship for medical research of three years' duration, extended to a senior fellowship in the fourth year. The first 15 months were spent at the Lister Institute and as an honorary demon strator in physiology at University College London. This was followed by a six-month sojourn with Knoop at Freiburg im Breslau, after which he returned to spend three years at Cambridge in Sir Frederick Gowland Hopkins's laboratory.
These were important, formative and productive years. At the Lister, Kay was placed by Sir Charles Martin to work in the biochemistry department under Professor Arthur Harden. His first study was concerned with the products of anaerobic fermentation by Escherichia coli and by Bacillus lactis aerogenes of gluconic acid, glucuronic acid and saccharic acids compared with those produced by fermentation of glucose and mannitol. This extended Harden's work under taken before the war. Kay then investigated with S. S. Zilva the Bezssonoff reaction which was based on the colour produced by a modification of Folin's reagent for phenol. This was claimed to be specific for the then uncharacterized antiscorbutic factor (ascorbic acid). Kay and Zilva showed that the colorimetric test was quite non-specific. Another study Kay made showed that the action of soy-bean urease was reversible. He then began studies with Robert Robison and his abiding interest in phosphorus metabolism and the phosphatases prob ably dates from this association. Harden and Young had discovered the phos phorylation of sugars by yeast and Harden and Robison the phosphatase of yeast which hydrolysed hexose diphosphate (fructose-1,6-diphosphate). This hexose diphosphate had at that time been identified as the 'lactacidogen' of muscle by Embden though later this source of lactic acid was shown to be the mono phosphate (glucose-6-phosphate). Robison had identified an enzyme in bone and ossifying cartilage which hydrolysed hexose monophosphate but not the diphosphate. Kay and Robison then examined the hydrolysis of the two esters by muscle and bone enzymes, and employed them to demonstrate the presence of both hexose esters in the blood, more specifically in the cells. In addition, they demonstrated an increase in the 'lactacidogen' of muscle after the injection of insulin, to conclude that phosphorylation of glucose and its incorporation in muscle contribute to the fall in the blood sugar when insulin is given.
T he years at Cambridge
The effect of insulin on the inorganic phosphate and lipid phosphorus of blood was further studied when Kay moved to Cambridge to work with J. B. S. Haldane. Some of this work was complicated by impurities in the insulin pre parations used, but eventually, with J. T. Irving, they showed that insulin increased the permeability of cells to glucose. Some additional collaboration with Haldane took place. Kay was involved in one of the latter's heroic experiments which entailed the induction of ammonium chloride acidosis, examining the distribution of phosphorus compounds in Haldane's blood. In the publication that emerged, Kay expressed his 'thanks to Mr J. B. S. Haldane for his patience in trying circumstances'.
Work then began on the distribution of phosphorus in milk and blood. Kay discovered two acid-soluble compounds in cow, goat and human milk, one readily hydrolysed by Robison's bone phosphatase and also by extracts he obtained from duodenal mucosa. Claude Rimington joined the department late in 1924. He recalls that Haldane rather wanted him to analyse urines from another of his heroic experiments, but 'this conversation was providentially overheard by Kay' who suggested work on the phosphorus of casein might be more interesting. To this Rimington agreed and he and Kay found that bone and kidney phosphatase had no effect on the phosphorus of casein but that pep sin and trypsin released phosphopeptides from casein with different properties.
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Later Rimington worked with Kay when the latter was at the London Hospital for a period of some weeks on serine-rich peptides from casein. In a letter written to Rimington two weeks before he died, Kay reminded him that together they 'isolated or very nearly isolated a new amino acid (later named threonine by eventual discoverers) but our analyses were not near enough the theoretical'.
At this time Kay shared a small laboratory with both Rimington and J. T. Irving. They were very cramped, but Kay insisted on orderliness, so much so that Irving remarked 53 years later that Kay was 'somewhat of a martinet'. Certainly, both his colleagues at that time recall his charm and good nature. He was older than they were, and took little part in community activities though he did contribute to Brighter B i o c h e m i s t r y , the journal that recorded a ligh of Hopkins's department. Kay was supervisor in physiology at Gonville and Caius during this time and his holidays were spent in walking; on one occasion with friends he had made in Freiburg he essayed the traverse of England from Cambridge.
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T he L ondon H ospital and phosphorus metabolism
On completion of his Ph.D. thesis Kay moved immediately to the London Hospital as Senior Beit Fellow. He was responsible to Professor Arthur Ellis and he continued his work on phosphorus metabolism. The distribution of phosphorus in blood, and in particular the estimation of the normal variation in the distribution of ester phosphorus in red cells claimed his attention. Methods of ultrafiltration using collodion membranes were devised which showed that 80% of the inorganic phosphate was present as orthophosphate and was assoc iated with calcium. Later, comparative studies were made by Kay to show that the ester phosphorus fraction in the erythrocytes varied almost tenfold between species, ruminants having low values and pigs and rabbits high ones. In this respect it was subsequently shown by Engelhart that the rate of glycolysis by erythrocytes was directly proportional to their content of phosphoric acid esters. Continuing work on phosphorus distribution, Kay demonstrated the high amount of nucleic acid phosphorus in the nucleated erythrocyte of the domestic fowl, its presence in leucocytes and from analysis of cells from pernicious anaemia patients inferred that reticulocytes also had a high concentration of nucleic acid phosphorus.
These latter findings were important in that claims had been made that the determination of the phosphorus content of blood, with a correction for the number of erythrocytes present, enabled a diagnosis of malignant disease to be made. Kay, with F. B. Byrom, showed that in cancer unaccompanied by anaemia there was no change whatever in blood concentrations of free phosphate, phosphate esters, lipid phosphorus or esters hydrolysed by bone phosphatase. In the anaemia of carcinoma the changes in phosphorus distribution were those to be expected from the change in the proportion of red cells and reticulocytes while in leucaemia, those to be expected from an increase in the number of leucocytes. The so-called phosphorus criterion for diagnosis of cancers was thus refuted.
Earlier, and also with Byrom, Kay had examined changes in blood phosphorus distribution in advanced nephritis in both man and experimental animals not only to confirm the increases in inorganic phosphate concentration reported by others but to find increases in the ester fraction in the cells. Kay had previously shown, with R. T. Brain, that a-glycerophosphate given intravenously is readily hydrolysed by kidney phosphatase. A test for renal function based on the rate of excretion of phosphate in urine following injection of a-glycerophosphate was devised and tested in patients. It was used to a limited extent in clinical work.
Much of Kay's research at this time was indeed concerned with the phos phatases. He made a thorough study of the kidney phosphatase, contrasting it with bone phosphatase, concluding that, unlike the bone enzyme, kidney phos phatase concentration did not change with the stage of growth. Studies were also made of the distribution of phosphatase activity in other organs of rabbits, cats and man, and some preliminary work was done to answer the question whether the intestine, bone and kidney enzymes were the same. Kay thought there was a possibility, but was wise enough to point out that his work provided 'far from sufficient proof'. Tissue extracts with the ability to hydrolyse these phosphate esters and more particularly both a-and ^-glycerophosphates also had an ability to hydrolyse pyrophosphates. Kay distinguished this pyrophosphatase as a separate enzyme since its pH optimum was considerably less than that of the phosphomonoesterase with which he was at that time concerned.
Studies of phosphatase in plasma followed. The concentration of the plasma enzyme was only one three hundredth that of the kidney enzyme, but Kay showed it was activated by magnesium ions, inhibited by calcium ions and acted on a wide range of phosphoric acid esters. He devised quantitative methods for estimating plasma phosphatase and made measurements of its concentration in blood plasma from normal patients and those with disease. He first showed elevated values of plasma phosphatase in osteitis deformans in 1929 and con firmed this work by an accretion of results from over 400 cases studied both at the London Hospital and in Toronto, to publish a definitive account in 1930. He showed little elevation of plasma phosphatase above normal in diabetes, none in nephritis, arthritis or neoplasmic disease but a clear increase in hyper thyroidism. Bone disease, including rickets, renal rickets, osteomalacia and osteitis deformans, however, were associated with very considerable and unmistakable increases in enzyme concentration in plasma.
Biochemistry at T oronto
In 1928 Kay applied for a chair of biochemistry at Toronto University. Arthur Ellis, his superior at the London Hospital, acted as referee and wrote that Kay was 'keen, industrious, careful, of good judgement, an able organizer and investigator and a source of inspiration to young men'. Kay was duly appointed Associate Professor and promoted to full Professor in 1931. The department was within the Faculty of Medicine and G. F. Marrian, who succeeded Kay in the chair, tells that the teaching load was not great and there was plenty of time for research. During the three years of his stay in Canada Kay trained four Ph.D. students and had a small honours class.
The work Kay had begun at Cambridge and in London continued and expanded at Toronto. He had done some work at the London Hospital on the proteins of the egg yolk, possibly because of his interest in phosphoproteins. With P. G. Marshall he had isolated the 'second protein', livetin (a name derived by R. H. A. Plimmer from a partial anagram of vitellin), and with T. H. Jukes continued work on it in Canada, suggesting an homology with serum pseudo globulin. They compared, using the immunological techniques available at the time, serum globulins of the fowl and isolated livetin to show certain common features suggesting some common structures, but this work was not followed much further.
Most of the effort of the department was devoted directly or indirectly to studies of phosphorus metabolism. The activity of bone and kidney phosphatase towards racemic a-and (3-glycerophosphate was examined, to derive an enzymic method of distinguishing these isomers, and a thorough study of the activation of bone phosphatase by magnesium ions was undertaken. In the course of this work, which showed the high specificity of magnesium, studies were made of the effects of other ions showing that strontium and barium were without effect but that on occasion both calcium and beryllium stimulated the activity of dialysed phosphatase preparations. Kay, with H. D. Branion, then gave beryllium carbonate to rats and produced severe rickets in them. They showed that this was due not to any effect of the beryllium ion on phosphatase or any toxic effect of the ion in the tissues but to the formation of the very insoluble beryllium phosphate in the intestinal lumen and that the disease was associated with a precipitous fall in the inorganic phosphate content of the blood. If beryllium phosphate was added to a normal diet no rickets occurred, parenteral injection of sodium glycerophosphate prevented the disease in rats given beryllium carbonate, and by judiciously adjusting the amount of a soluble beryllium salt, a situation could be produced in which a milder rachitic syndrome appeared. This responded to concentrates with vitamin D activity. Kay, with B. L. Guyatt, and later with Dorothy Skill, suggested that rickets and osteomalacia both in rat and man should be regarded primarily as a defect of phosphorus uptake from the diet and that vitamin D exerts its effect in rickets on phosphorus uptake from the intestine.
Other work on experimental bone disease followed to show that osteoporosis induced by feeding low calcium-high phosphorus diets to rats resulted in a fall in kidney phosphatase and the ester phosphorus content of blood cells and to describe the comparative effects of large doses of irradiated ergosterol and of parathyroidectomy on phosphorus metabolism and the phosphatases. During this same time work on the phosphorus distribution in milk continued, notably with W. R. Graham, Jr.
In 1932, Kay was invited to accept the directorship of the National Institute for Research in Dairying with which was linked the honorary appointment of research professor of biochemistry in the University of Reading. Professor H. Wasteneys, then chairman of the department at Toronto, suggested that Kay might like to take the Chair of Clinical Chemistry, and clearly was very loth to lose him from the staff. Nevertheless, Kay accepted the invitation from Reading leaving behind many friends both in Canada and the United States, having established close contacts with medical schools interested in bone disease in the latter country.
T he pre-war years at S hinfield
When Kay assumed the directorship of the National Institute for Research in Dairying on 1 January 1933 he was confronted by a series of problems related to the funding of the Institute. Staff salaries had been cut in October 1931 in an attempt to deal with the appalling economic situation, and building programmes delayed indefinitely. What was worse was that deeds of covenant to enable the establishment of a physiology department and a biochemistry department were due to expire in the summer of 1935 and no additional funds were in prospect. When the head of the physiology department resigned, the life expectancy of that department seemed to be measured in months. Kay took charge of the department as a temporary measure and invited W. R. Graham, Jr, who had worked with him in Canada, to join him and S. J. Folley. This arrangement continued for two years when in 1937 the physiology department was merged with that of biochemistry to form a single department. His search for means of financing the Institute were both indefatigable and successful. At the beginning there were but three departments and a staff of 20 graduates. By the outbreak of war in 1939 there were five departments and a staff of 72. In addition, he had secured funds to build the Chemistry Block and this was completed in the autumn of that year.
There was considerable concern in the early 1930s about the safety of milk. Stenhouse Williams, the previous director of the Institute, had improved standards for milk hygiene, but milk was an easy vehicle for infective organisms and also a source of the bovine strain of Mycobacterium tuberculosis. In 1934 a conference was called by the Milk Marketing Board's Advisory Committee on Milk Publicity, to which members of government departments and the research councils were invited. The purpose was to consider what new work was required relating to the nutritive value of milk. It was agreed that work was needed and a committee was set up-the Milk Nutrition Committee-under the chairman ship of Lord Astor to undertake the investigations. Kay was a member of this committee and one of its major decisions was to 'decide as precisely and unequivocally as possible what was the effect of pasteurization on the nutritive value of milk'. The National Institute for Research in Dairying and the Rowett Research Institute were asked to undertake the work which received financial support from grants by government under the Milk Act of 1934. This brought Kay and John Boyd Orr, then director of the Rowett Research Institute, into close association and four reports were published under their joint authorship. These included not only studies with laboratory animals and with calves but also the results of investigations with children made in relation to the Milk in Schools Scheme which had been started in 1935. Kay's part in this was one of organization, the collation of results and the disposition of the resources of the National Institute for Research in Dairying towards the common end.
Despite his many other duties, Kay found time during this period for personal research and indeed developed, with Graham, the test for the efficacy of pasteurization which is one of his major achievements in the field of food technology. The work had begun with Kay's discovery in 1925 of an enzyme in milk which hydrolysed the acid-soluble phosphoric acid esters of milk. This phosphatase was shown by Kay and Graham, using (3-glycerophosphate as substrate, to be destroyed by pasteurization. Subsequently, they showed that complete destruction of M. tuberculosis in milk occurs somewhat before the time required for 96% destruction of phosphatase in milk. They discussed the possible use of other enzymes normally present in milk to control pasteurization processes, but concluded that phosphatase possessed distinct advantages. Later at Shinfield they devised the Kay-Graham test, in which disodium phenyl phosphate was the substrate rather than (3-glycerophosphate as in the earlier test and the Folin-Ciocalteu reagent was used to determine the free phenol rather than the molybdate reaction to determine the inorganic phosphate released. Later it was shown that the methods could be used not only to control the 'holder' process of pasteurization but also the modern 'high-temperatureshort-time' process. With Folley, Kay then investigated the normal variation in milk of the phosphatase which they had classified as an 'alkaline' phosphomonoesterase, having a pH optimum of 9-10.
Kay then turned his attention to the biochemistry of the milk secretion process. A method of obtaining arterial blood by puncture of the iliac artery through the rectal wall was devised and venous blood draining the mammary gland was obtained from the subcutaneous abdominal vein. Blood flow could not be determined but on the basis of assumptions regarding this flow, the arteriovenous differences in concentration showed an uptake of glucose more than sufficient to account for lactose secretion, of inorganic phosphate sufficient to account for the phosphorus of milk including that in casein, and an apprec iable uptake of fatty acids. It was only with the advent of metabolites labelled with 14C that some of the problems which had been posed in this pioneering work were elucidated.
Obviously, as administrative tasks loomed larger with the passage of years, Kay's contribution of experimental observation declined. He wrote in 1941: 'I don't think it fair to allow my name to go on a paper unless I have actually carried out a reasonable fraction of the work reported.' Certainly, at this time and later, he provided the initiative for much work related to the chemistry, biochemistry and physiology of milk and milk secretion.
W orld W ar II In World War II the control of food supplies was based on a nutritional policy in which maintenance of a supply of liquid milk for children and for nursing and expectant mothers was a central feature. Much of the emphasis on the importance of milk in the diet had arisen from the pre-war efforts of the Milk Nutrition Committee, the almost evangelical advocacy of Boyd Orr and the quiet informed opinion of Kay. At the Institute, Kay shelved his longer term plans and re organized research so that it was relevant to the essential problems of ensuring a continued supply of milk of good hygienic and nutritional quality. The under taking was not easy, for a number of the staff had joined the forces while others were seconded to departments of Government, or to the War Agricultural Executive Committees concerned with the immediate tasks of helping the farming community to expand home food production. In addition, his advice on many aspects of the milk industry was increasingly required by Government and he was a member of many committees of the Ministries of Agriculture and of Food set up to deal with the provision of food in time of war.
The provision of feed for the milking cow was a primary concern, particularly since feed grains and protein cakes and meals could no longer be imported in large quantities. Kay soon realized that the only solution was to keep more cows capable of producing milk on the residues of an arable cropping pro gramme, albeit with some sacrifice of milk yield. Applied work at the Institute was geared to deal with the new possibilities that arose, notably the utilization of straw treated with sodium hydroxide, the use of non-protein nitrogen to spare protein supplies and the optimal allocation of the sparse resources of feed grains and oil seed residues. Kay recalls in a paper published at the end of the war the genesis of another major project. Graham and Folley had shown before the war that feeding dried thyroid gland or injection of thyroxine resulted in a marked increase in milk secretion in the cow. In a conversation Kay had with F. G. Young about the discovery that tyrosine in intact casein could be iodinated to form not only di-iodotyrosine but thyroxine, it was realized that milk production might be augmented in this way provided a cheap source of a tyrosine-rich protein could be found. Work which involved the Institute, A. S Parkes and C. R. Harington at Mill Hill and I.C.I. at Ardeer, Scotland, was begun to show that milk yield could be increased as an emergency measure if need arose. Though contemplated as a way of increasing milk production during the winter months, the findings were never put into effect; the earlier decision to increase cattle numbers had proved effective.
Other work concerned with increasing milk production related to the estab lishment of the Reading Cattle Breeding Centre, which had as its purpose the improvement of the genetic constitution of the milking cow population by inseminating cattle with semen from bulls of proven merit as judged by the milk yields of their daughters. Kay was heavily involved in the founding of this centre and was for a number of years afterwards Chairman of its Research Committee.
The maintenance of milk quality was of paramount importance. Kay, as a member of the Ministry Committee, was instrumental in setting up the National Milk Testing and Advisory Scheme. The standard techniques for the conduct of the Resazurin test (an index of microbial contamination) had been exhaustively studied at the Institute before their adoption in the laboratories set up by the Ministry to ensure that only those milks of the highest keeping quality would enter liquid consumption, unsatisfactory milks being diverted to manufacture. A further concern was the chemical quality of milk. This had declined in the early war years and much research was initiated to show the effects of the genetic constitution of the cow, her nutrition and the presence or absence of mammary disease on the protein and lactose content of milk. Methods for the control of mastitis and the rational use of antibiotics were a somewhat later development at the Institute.
Kay was elected to the Fellowship of the Royal Society in 1945, and in 1946, in recognition of his contribution to agriculture, he was awarded the C.B.E. He was awarded the Coronation Medal in 1953.
T he post-war era at Shinfield
When the war came to an end, the Institute was, like many other undertakings, somewhat dilapidated. Only the most urgent repairs had been made and there was an overcrowding of laboratories relieved in part when wartime guests such as the Pharmaceutical Society returned to London. Kay at this time was con cerned with realigning Institute policy to accord with what he realized would be enhanced needs of both the farm and factory facets of dairying. New depart ments were formed and the immediate post-war years showed an unprecedented rate of growth in staff numbers. The first new department was really a resus citation of a wartime casualty. An engineering section concerned with the testing of dairy machinery had been started in 1939 but brought to an end when its head moved to wartime work. Following Kay's representations to the Ministry of Agriculture, funds were made available in 1944 to cover the cost of erection of buildings for a new Dairy Engineering Department which came into being in 1946. Separation of larger groups of people into more manageable units took place, such that by 1956 there were nine research departments. In addition, the area farmed by the Institute, and hence its ability to provide more cattle for experimentation, was augmented by the purchase of Arborfield Hall farm.
Before the war the erection of new buildings entailed the Institute's searching for funds. Those were the days when for every pound Kay could find from out side sources, Government provided an additional pound from public funds. Happily, after the war this arrangement ceased, but funds for investment in buildings in post-war Britain were short. To accommodate increased numbers of staff and increased space needed for equipment, Kay was persuaded to erect some temporary accommodation in the form of ex-army huts. He realized this was somewhat of a mistake and that temporary accommodation had a tendency to become rather permanent particularly if funds were short; indeed some of the huts still remain! Never did his efforts to secure new and better accommodation for his staff falter, and over the years these efforts came to fruition. The library was extended, and new laboratory and service buildings were erected including a lecture hall and laboratories for the bacteriology and chemistry departments.
The provision of facilities for staff and the administrative organization of a large Institute reveals little of Kay's underlying purpose. He rarely spoke of this, but on two occasions wrote about the ways in which he intended the Institute to develop, once at the time, and once retrospectively. In 1951 he wrote of the Institute's work: 'An important proportion of the researches in progress are of a fundamental character and may have no immediate bearing on the practical problems of milk production or utilization. This is the result of a deliberate policy since it has been found in practice that if the whole of the time of a research department is given to the solution of urgent technological problems and no time is given to fundamental ones, that department tends to lose touch with new developments of scientific thought and lags behind in the application of modern research methods and devices. Further, it is on fundamental research by trained scientific workers that the future of the industry largely depends. ' In 1958, in replying to the Secretary of the Board of the Institute which had honoured him by minuting its indebtedness he wrote: 'The establishment of the National Institute on a firm scientific and technological basis has certainly been an objective of mine.' There were obviously many calls on his time quite apart from those related to the direction of the Institute; these are collated later since they follow a parallel chronology. Even so, he always retained his own laboratory in which he could achieve a closer contact with experimental work. Those who worked there profited from his experience and help more directly than others in the Institute, but no publication from that laboratory bears his name.
When he retired from Shinfield in 1958 he could look back on a considerable accomplishment in his 25 years as Director. The Institute had not only grown in size from 20 graduates to 102, but had achieved international status as a major centre for agricultural research. On retirement, however, an opportunity arose to continue the building up of a research organization; he was asked to establish a new research laboratory, the Twyford Laboratory. The site of the new venture was at Twyford, London, N.W.10, in the grounds of the Guinness Motoring Club, then occupied by some decaying corrugated iron huts. The laboratory buildings were conceived, planned, erected and occupied in the incredibly short time of 14 months, and Kay was consulted a great deal in the ensuing few years about matters of laboratory construction, notably by E. Kodicek, who was then enlarging the Dunn Nutritional Laboratory at Cambridge. One of Kay's principles was that no research laboratory should be for the permanent use of one person. The laboratories were extended in 1962. From the outset Kay emphasized the central importance of biochemistry, and appointed three section heads, Elizabeth Work to study microbiology, notably the mucopeptides of the microbial cell wall, P. J. Heald to work on animal biochemistry and J. Leggett Bailey on plant biochemistry. Later when the Guinness companies and Phillips-Duphar acquired the Crookes Laboratories Ltd, F. In December 1966, Kay received a letter from N. B. Smiley of Guinness stating that the Advisory Committee would be brought to an end and that the emphasis in future would be on commercial rather than on fundamental research. Such a change had been dictated by financial pressures and had in part been implemented during the previous two years. Kay was obviously deeply upset by this course of events and wrote in reply: 'I am sorry that it has been found necessary to change so drastically the policy as regards the Twyford Laboratories. As they were designed, built and equipped for basic research with a view to developing quite new ideas that might be of industrial significance the transition to a different type of activity is inevitably entailing much strain and difficulty.' It is typical that Kay was concerned with the people for whom he had had a measure of responsibility and he did much to reassure and soothe older members of the staff who never quite became reconciled to commercially oriented research.
The final blow came in 1970 with the closure of the Twyford Laboratories. Kay was very depressed about this, but it was not in his nature to look back and he was active in helping those whose careers had been affected by the brave attempt to establish a new independent laboratory to link biochemical research to industrial productivity.
During much of his life, Kay was involved in work concerned with the organ ization of science and technology both nationally and internationally. These aspects are dealt with below.
International activities
In 1946, Kay was invited by the Government of India to visit the sub continent and to report on dairy research, education and development and after three months of travel his report was published in October of that year. His recommendations included the setting up of a National Dairy Research Institute which would also function as a central college of dairy science, providing education at university standard. The report was very detailed. It included proposals for buildings, details of their structure, staffing, managerial arrange ments, course work for students and even appraisal of alternative sites for the Institute. He also commented on wider aspects of the dairy industry, noting 'there is no lack, possibly even a superfluity of advice and recommendations . . . the trouble lies in their implementation'. Most of Kay's recommendations were, however, implemented. The National Dairy Institute at Karnal was founded in 1948, followed by three regional laboratories; an Indian Dairy Science Assoc iation was established in 1947, and two journals, one the Indian Journal of Dairy Science catering for scientific findings and the other the Indian Dairyman dealing with more applied aspects, began publication in 1948. Karnal was one of the sites Kay had appraised.
A number of Indian colleagues, some of whom had worked at Shinfield in earlier years, wrote on learning of his death to acknowledge their indebtedness to Kay for the vision and good sense he had displayed in the report which had established the Indian Institute and which had created the scientific structures necessary for the development of India's dairy Industry.
In October . This again involved him in international organization, notably of the conference 'Cuprum pro vita* in Vienna. In addition, however, he advised on the research to be supported by the organizations and on the commercial screening of copper compounds for herbicidal, fungicidal, nematocidal and bacteriocidal effects. His reviews (one of which appeared shortly after his death) of information relating to copper and the trace metals, mostly relate to the agricultural and animal health implication of research findings and are good accounts of the then current state of knowledge. Other developments followed these initiatives. Realizing the importance of integrating the interests of those concerned with the technical aspects of dairying and those engaged in research, education and statutory control, Kay invited some 80 people to meet to discuss the possibility of establishing a forum for discussion. Sixty attended the meeting in November 1942 and an ad hoc com mittee was formed to make specific proposals to establish a Society of Dairy Technology. The Society came into being in 1943 with Kay as its first President. In a letter to K. C. Sen some 30 years later Kay recalls that the first meeting was punctuated by flying bombs! Kay wrote a history of the Society which he presented to it in 1958 on the occasion of the award to him of its Gold Medal. In 1976, in a letter to the Society's Secretary, he suggested that a further chapter on its history should be written, remarking, 'there is real advantage in reminding ourselves that we belong to a stable, well ordered and valuable fellowship with a history of past achievement which will certainly be extrapolated into the future'. He hastened to add that at the age of 82 he could not undertake the task.
Biographical Memoirs
The need to establish forums to discuss the harnessing of scientific knowledge to immediate problems was very evident in the war years, and Kay was one of the eleven signatories to the invitation to scientists interested in nutrition to establish a nutrition society. The Nutrition Society was formed in 1941 but, apart from contributing review papers to its symposia, Kay took no active part in its subsequent development, except through encouragement of S. K. Kon, Head of the Institute's Nutrition Department who became first editor of its journal and by providing facilities at Shinfield for the Society's editorial office.
Kay had been an enthusiastic member of the Food Group of the Society of Chemical Industry since its inception in 1931, was Chairman of its micro biological panel from 1946 from to 1949 from , of the Group itself from 1951 from to 1953 Vice-President of the Society from 1957 to 1960 and he wrote its history in 1972. He was deeply concerned with the whole field of food science and tech nology rather than with the more limited one of dairying and worked hard towards better communication between science and industry both at national and international levels. This concern with wider aspects of food technology is well illustrated by his part in the setting up of the British Baking Industries Research Association which later became the Flour Milling and Baking Research Association. In 1945, a large sum-£30 000-had been raised from members of the baking trade to promote research in baking and Kay was approached and asked to be Chairman of its Interim Council. He was largely instrumental in formulating proposals for the establishment of a federal association satisfactory to the several trade bodies involved. He remained Chairman of the new Research Association until a director had been appointed, buildings acquired and a chairman from within the baking industry found to succeed him.
Integration of these several efforts followed. Various consultations by E. Mrak, a food scientist from the U.S.A. and later Vice-Chancellor of Davis, University of California, led to the suggestion that a First International Congress of Food Science and Technology should be held with London as its venue. This suggestion reached the Food Group and the Society of Chemical Industry invited Kay to chair its organizing committee. The congress held in 1962 was highly successful and at the closing plenary session with Lord Rank in the chair an international committee was set up to ensure continuance of this inter national collaboration. Kay immediately took an initiative and, realizing that a number of organizations in the United Kingdom had a direct or indirect interest in food, was instrumental in setting up the Provisional British National Com mittee for Food Science (now the United Kingdom Council for Food Science and Technology), which included representation from the Food Group of the Society of Chemical Industry, the Food and Nutrition Group of the Royal Society of Health and the Institute of Food Science and Technology. Kay, as Chairman of the Provisional British National Committee, played an active part in the preparation of a constitution which was to be adopted by the inter national committee and so formed the International Union of Food Science and Technology. Kay remained Chairman of the United Kingdom Council for Food Science and Technology until 1967 and a council member until his death. Professor Hawthorn writes that at the last meeting of Council which he attended Kay expressed a concern for infant nutrition and encouraged the Union to consider wholehearted participation in the programmes for the International Year of the Child, which were being planned for 1979 by the United Nations Organization. Kay played an active role in the affairs of the new Union and the United Kingdom Council, particularly in their relationships with other organ izations, notably the International Union of Nutritional Sciences. In 1968, in recognition of these and other contributions, he was accorded Honorary Fellowship of the Institute of Food Science and Technology.
Kay was equally involved in the organization of scientists other than those associated with food and agriculture. He had joined the Biochemical Society in 1922 and from 1927 to 1929 was its Joint Secretary with R. Robison. In 1928 he was a member of the subcommittee which considered the Society's legal status and, when the decision was made to adopt a trustee system, Kay was appointed to be a trustee, an appointment he held until his death. His long experience of the Society's affairs was invaluable when in 1966 the Society decided to become a Company Limited by Guarantee.
The British Association for Advancement of Science also received Kay's keen support. He was a member of Council for many years and was President of Section M (Agriculture). He was the Association's delegate to the Pakistan Science Conference in 1962 and on his return emphasized the importance he attached to the overseas training of young men from that country and analysed the factors limiting its food production.
The problems of producing food and the paucity of knowledge about human nutrition were of great concern to Kay. In 1956, a proposal had been made to create a national or international Institute of Human Nutrition independent of government, industry or the universities. A Council of Management was formed under the presidency first of the Earl of Woolton and later of Lord Boyd Orr. Kay was an active member of this Council and when in 1972 the Association for the Study of Human Nutrition was set up, Kay was elected Chairman of its Council of Management and remained so until his death. The Association founded the International Institute of Human Nutrition at Sutton Courtenay in Oxfordshire.
Concluding remarks
A man of great integrity and honesty, Herbert Kay clearly made a number of decisions about his own role in science. His decision at the end of World War I to build on his first degree taken five years previously and to become a bio chemist was a real one, for there were many alternative careers for a man of 25 who had shown the ability to command and organize men. Again, though through his association with Robison one might have thought he would have continued in the exciting field of the chemistry of the phosphate esters, when he joined the London Hospital any such aspiration became secondary to his efforts to provide better diagnostic methods for and an understanding of human disease. From this came his outstanding work on the phosphatases. On taking the directorship of the National Institute for Research in Dairying he deliberately became identified with the scientific development of an industry. There might well have been some reluctance at this stage since, for a while, he returned to work at the bench with Folley and Graham, but eventually he subjugated his own desires to concentrate on the building of an Institute and the encourage ment of younger people. His undoubted ability to organize, his considerable experience of research in many fields and his ability to judge men led to many demands being made on him during his later years at and after he retired from Reading, and to these he invariably acceded. He was a quiet man, not readily given to overt or obvious enthusiasm; he was, however, always deeply interested in science, in new knowledge and, more perhaps during his later years, in the application of science to the wider problems of man's existence. He responded, for example, to Bertrand Russell's letter of 1959 by becoming a member of the British Pugwash Group and, in a more immediate fashion, only a few days before he died he took part in a symposium concerned with the management of resources in agricultural productivity and was preparing a report on copper in the agriculture of far eastern countries.
Outside his scientific activities, Kay was a man of simple interests. His passion for walking has already been alluded to, and if time allowed, he eschewed transport, preferring to walk, ideally with a colleague or member of his family, to talk of this and that in his usual charming way. Another great interest was in gardening and particularly in growing vegetables. He was an allotment holder and had remarkably 'green fingers'. During the war he did much to organize the Dig for Victory campaign in Reading and when the family house became too large for them and he and his wife moved to Caversham, he regarded the first and most important task the filling of the swimming pool so as to establish a new kitchen garden. For many years he was a member of the 1872 Book Club, a Literary and Discussion Society which exchanged books. He was an avid reader with far-reaching interests. His written English style was impeccable; young people at the Institute and elsewhere profited from his insistence on good written English and his kindly criticism and correction of their sometimes poorly written papers.
He had a kindly wit and an incredible ability to recall, both well illustrated by the events on his eightieth birthday. He had been invited to give a special lecture to the students at the University of Strathclyde where he was Chairman of a small Advisory Panel which guided the Department of Biochemistry. He chose as his title Mnemosyne and Lethe and described to the enthralled students the development of biochemistry as a discipline from 1912 to 1972, a history illustrated by anecdotes from his own recollection.
His family life was a happy one. He was very much the head of the family when it came to matters of major decision, but even so he relied very heavily on his wife for many things of a more practical nature. His four sons were encour aged and their successes were a great pleasure to him. He died peacefully in the study of his house at Caversham in the evening of 24 November 1976.
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Professor Kay left no Personal Record and among those to whom I am indebted for helpful material, information or advice in the preparation of this memoir are Mrs R. L. C. Chapman, Mr H. F. Burgess, Professor A. C. Chibnall, F.R.S., Professor F. Fairbrother, Professor J. Hawthorn, Professor P. J. Heald, Dr J. T. Irving, Dr G. F. Marrian, F.R.S., Professor C. Rimington, F.R.S. and Mr E. A. Runacres. I am also indebted to Mrs J. C. Boyne for assistance in the preparation of the material.
Particular gratitude must go to Mrs Beatrice Kay and other members of the late Professor Kay's family.
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